Abstract: High mountains and cold climate in the north-west of Iran are critical factors for the design of optimized District Heating (DH) systems and energy-efficient buildings. It is essential to consider the Life Cycle Cost (LCC) that includes all costs, such as initial investment and operating costs, for designing an optimum DH system. Moreover, considering climate change for accurately predicting the required heating load is also necessary. In this research, a general optimization is carried out for the first time with the aim of a new design concept of a DH system according to a LCC, while considering all-involved parameters. This optimized design is based on various parameters such as ceiling and wall insulation thicknesses, depth of buried water and heating supply pipes, pipe insulation thickness, and boiler outlet temperature. In order to consider the future weather projection, the mentioned parameters are compared with and without climate change effects in a thirty-year period. The location selection was based on the potential of the region for such a system together with the harsh condition of the area to transport the common fossil fuel to the residential buildings. The obtained results show that insulation of walls is more thermally efficient than a roof with the same area in the selected case. In this case, polyurethane is the best material, which can cause a reduction of 59% in the heating load and, consequently, 2332 tons of CO 2 emission annually. The most and the least investment payback periods are associated with the polyurethane and the glass wool insulation materials with the amounts of seven and one years. For the general optimization of the DH system, the Particle Swarm Optimization (PSO) method with a constriction coefficient was chosen. The results showed that the optimal thickness of the polyurethane layer for the thermal insulation of the building exterior walls is about 14 cm and the optimal outlet temperature of the boiler is about 95 • C. It can be also concluded that the optimal depth for the buried pipes is between 1.5 to 3 m underground. In addition, for the pipe with elastomeric insulation layer, the thickness of 2 cm is the optimal choice.
Introduction
Energy demands and environmental problems at present are the main sources of concern for human life. By increasing the population, the energy demand is reaching its highest level. On the other hand, the environment is threatened, by increasing greenhouse gas (GHG) emissions [1] . Therefore, controlling such energy demands and emissions is the biggest challenge for many countries around the world [1] . Iran is a growing country with more than 80 million residents with various climate various possible designs with the aim of finding the optimal solution regarding economic and energy efficiency issues. They showed the advantage of low supply, return temperatures, and their effects on energy efficiency. They found that a low-temperature DH operation is superior to a design based on the low-flow one. Keçebas¸et al. [10] studied the optimum insulation thickness of pipes used in a DH pipeline networks. In addition, energy savings over a lifetime of 10 years and the payback periods were calculated for the five different pipe sizes and four different fuel types in the city of Afyonkarahisar in Turkey. Their results showed that the highest value of energy savings was reached in 250 mm nominal pipe size for the fuel-oil type, while the lowest value was obtained in 50 mm for geothermal energy type. Haichao et al. [11] presented an atmospheric environmental assessment model and the concept of normalized population distribution weights. They tried to compute the mean spatial distribution of pollutants for a qualitatively evaluating the environmental impacts of a DH system. They showed how the combined DH system could reduce the CO 2 emission burden in the DH sector at a city-scale. Pirouti et al. [12] studied a DH network in South Wales, in the UK with the aim of minimization of the capital costs and energy consumption in a DH network. Their results showed that the design cases with a minimum annual total energy consumption used small pipe diameters and large pressure drops. Furthermore, by increasing the temperature difference between the supply and the return pipes, the annual total energy consumption and the equivalent annual cost was reduced. Torío et al. [13] studied a small DH system in Kassel (Germany) as a case study with the purpose of improving the performance of a waste heat DH network with an exergy analysis. Their results showed that lowering the supply temperatures from 95 to 57.7 • C increases the final exergy efficiency of the systems from 32% to 39.3%. Similarly, reducing return temperatures from 40.8 to 37.7 • C increases the exergy performance by 3.7%. Ahna et al. [14] studied on the development of an intelligent building controller to mitigate indoor thermal dissatisfaction and peak energy demands in a DH system. Their model had an advantage, which properly responds to temperature changes with high performance to mitigate the thermal dissatisfaction and energy loss in a DH system. Lund et al. [15] presented the concept of a new generation of DH systems by including the relations between the district cooling, the concepts of smart energy, and thermal grids. The development of such generation involved the challenge of more energy efficient buildings as well as being integrated with other smart energy systems. Ta´nczuk et al. [16] studied the technical aspects and energy effects of waste heat recovery from the slag of DH boiler. Their results showed that the proposed heat pump provides energy savings by recovering the potential energy of slag from 58.8% to 88.0%. In a recent approach, Vesterlund and Toffolo [17] presented a multiobjective optimization to expand the existing DH system located in Kiruna, Sweden. They presented a feasibility study based on the optimization of investment and operational costs. They also presented different possible ways for piping layouts according to the expanded DH system.
With all these developments and researches on the DH systems, the supply of required energy in high altitude mountain regions has encountered problems like fueling in rough areas and high loads of equipment costs because of heat losses of buildings in old textures. In this situation, the optimized design of different parameters of the DH system for the best performance with respect to the economics and environmental impacts will be an issue. Although there are numerous studies available in the literature regarding economics and CO 2 emissions of various DH systems, there is no comprehensive optimization considering the climate changes.
In this paper, the main work is conducted on studying different options affecting the optimized design of a DH system for Qinarjeh village located in the cold mountains of the north-west of Iran. The main purpose of this research is to optimize the Life Cycle Cost (LCC) of the DH system while considering future weather projection. The reason for considering future weather projection is that the temperature changes are one of the concerns that can lead to massive changes in energy consumption in a DH system. The comparison is done through a general optimization approach by considering all involving parameters such as ceiling and wall insulation thicknesses, depth of buried water and heating supply pipes, pipe insulation thickness, and boiler outlet temperature. Such investigation is done to prevent heat losses and estimating long-term climate changes with a specific economical and environmental impacts analysis. Therefore, the result of this research has been presented in four steps. In the first step, the total heating demand and heat losses are calculated for the Qinarjeh village. In the second step, the environmental impacts were investigated by considering the fuel consumption and CO 2 emission. In the third step, the economic analysis has been followed by a LCC for all involving costs and the payback period. The effective parameters for economic analysis include the initial investment cost, the annual fuel cost, discount rate, fuel escalation rate, and future weather data. In the last step, general optimization has been done according to the PSO method. Various effective parameters have been investigated in a LCC with and without considering the climate changes.
Methodology
The methodology of this research is arranged to achieve an optimized design of a DH system by considering the techno-economic aspects and future weather projection according to the following points.
• Selection of a village according to its specific climate and region • Weather projection to assess the future demands for the selected village • Calculation of the heat load for this village • Calculation of heat losses in boilers, piping, and other equipment • Calculation of Domestic Hot Water Supply (DHWS)
After calculating the above-mentioned points, a LCC, which involves the costs for designing of such system, is done for a 30-year period. Moreover, optimization is done to find the best and optimum insulation type to retrofit the old buildings to minimize the heat losses. In addition, the general system optimization is done to minimize the LCC by considering future climate change effects.
Climate and Region Description
Iran has vast and variable climate regions. Classification of these regions is reported in Figure 1 . In the north-west, winter is severely cold with heavy snowfall and subfreezing temperatures during December and January. In addition, spring and fall are relatively mild, while summers are dry and hot. The case study in this research is Qinarjeh village, which is located in the north-west of Iran. According to Figure 2 , Qinarjeh is a village near Takab city in West-Azerbaijan province of Iran. The altitude of this region is 2216 m above sea level, which can be classified as a cold mountain climate.
Hot dry desert
Hot coastal dry Coastal dry Weather information for this region has been obtained from the climate meteorological data for the years between 2000 and 2010. For this region, hourly and average ambient temperature changes are presented in Figure 3 . According to this figure, the minimum and maximum ambient temperatures are −16 • C in January and 32 • C in July, respectively. The average monthly Relative Humidity (RH) (%) and the total radiation on the horizontal ground surface (kWh/m 2 /month) are presented in Figure 4 . 
Future Weather Data Projection
Based on the Intergovernmental Panel on Climate Change (IPCC) data extracted from 2007, four different storylines have been defined to predict the average global temperature increases. These storylines can be classified as average global temperature increases of 1.8 °C, 2.8 °C, and 3.4 °C for the low (B1), medium (A1B), and high (A2) under different CO2 emission scenarios, respectively, by the year 2100 s [18] . The B1 storyline and scenario family describes a convergent world with the same global population. In this scenario, the global population peaks in mid-century and declines thereafter, with a rapid change in economic structures toward a service and information economy. This results in reductions of material intensity and the introduction of clean and resource-efficient technologies [18] . The A1B scenario family describes a predictive future world with very rapid economic growth. This scenario also proposes the global population peaks in mid-century, which is balanced and does not rely too heavily on one particular energy source. The A2 scenario describes a very heterogeneous world, which is self-reliant and conservative to keep local identities. In this scenario, fertility patterns across regions converge and are very slow, which results in continuously increasing population growth. It means that economic development is regionally-oriented. Moreover, economic growth and technological change per capita are more fragmented and slower compared to 
Based on the Intergovernmental Panel on Climate Change (IPCC) data extracted from 2007, four different storylines have been defined to predict the average global temperature increases. These storylines can be classified as average global temperature increases of 1.8 • C, 2.8 • C, and 3.4 • C for the low (B1), medium (A1B), and high (A2) under different CO 2 emission scenarios, respectively, by the year 2100 s [18] . The B1 storyline and scenario family describes a convergent world with the same global population. In this scenario, the global population peaks in mid-century and declines thereafter, with a rapid change in economic structures toward a service and information economy. This results in reductions of material intensity and the introduction of clean and resource-efficient technologies [18] . The A1B scenario family describes a predictive future world with very rapid economic growth. This scenario also proposes the global population peaks in mid-century, which is balanced and does not rely too heavily on one particular energy source. The A2 scenario describes a very heterogeneous world, which is self-reliant and conservative to keep local identities. In this scenario, fertility patterns across regions converge and are very slow, which results in continuously increasing population growth. It means that economic development is regionally-oriented. Moreover, economic growth and technological change per capita are more fragmented and slower compared to other storylines. Accordingly, the researchers believe this trend is more probable for the growth and technological development of the earth. Therefore, for the future weather projection in this paper, the A2 scenario has been followed. In this research, temperature variances of the periods 2020, 2030, and 2040 are used for the calculation of future periods based on the A2 scenario as is illustrated in Figure 5 . These weather data are estimated by the extracted data from IPCC HADCM3 (Hadley Center Coupled Climate Model).
HADCM3 makes use of the location of a place or city, along with the world CO 2 emission scenario to deduce the climate change pattern. For this study, a morphing tool [19] named "Climate change world weather generator" is used to produce the future (until 2050) weather profiles. This tool applies the HADCM3 interpolated parameters onto the grid of the local points by using the typical meteorological year (TMY) datasets of the respective region. The average monthly temperature until the 2050 s is presented in Figure 5d . According to this, the amount of temperature increase is 2.31 degrees from 2010 to 2050. other storylines. Accordingly, the researchers believe this trend is more probable for the growth and technological development of the earth. Therefore, for the future weather projection in this paper, the A2 scenario has been followed. In this research, temperature variances of the periods 2020, 2030, and 2040 are used for the calculation of future periods based on the A2 scenario as is illustrated in Figure  5 . These weather data are estimated by the extracted data from IPCC HADCM3 (Hadley Center Coupled Climate Model). HADCM3 makes use of the location of a place or city, along with the world CO2 emission scenario to deduce the climate change pattern. For this study, a morphing tool [19] named "Climate change world weather generator" is used to produce the future (until 2050) weather profiles. This tool applies the HADCM3 interpolated parameters onto the grid of the local points by using the typical meteorological year (TMY) datasets of the respective region. The average monthly temperature until the 2050 s is presented in Figure 5d . According to this, the amount of temperature increase is 2.31 degrees from 2010 to 2050.
Village Heating Load
Because of different structures of the rural buildings and variety of building plans for estimating the total heat load of buildings in Qinarjeh village, a sample building, as depicted in Figure 6 , has been selected. The building specifications are presented in Table 1 , and also the thermophysical properties of the materials used in buildings are given in Table S1 (supplement 1). Moreover, for the initial temperature approximation, and measuring the heat losses, the temperature contours are extracted by a FLIR Thermal camera. After obtaining the heat loss of the sample building per unit area, according to Figure 7 , by calculating the number of total areas of the buildings, the entire heat losses of buildings are estimated. Based on the field visits, only 33 percent of the total areas needs 
Because of different structures of the rural buildings and variety of building plans for estimating the total heat load of buildings in Qinarjeh village, a sample building, as depicted in Figure 6 , has been selected. The building specifications are presented in Table 1 , and also the thermophysical properties of the materials used in buildings are given in Table S1 (Supplementary Materials). Moreover, for the initial temperature approximation, and measuring the heat losses, the temperature contours are extracted by a FLIR Thermal camera. After obtaining the heat loss of the sample building per unit area, according to Figure 7 , by calculating the number of total areas of the buildings, the entire heat losses of buildings are estimated. Based on the field visits, only 33 percent of the total areas needs heating, and the rest are used as barns and stalls. Accordingly, the total heat losses can be obtained by the multiplication of the sample building load into 33 percent of the total areas, which is calculated as 25,052 square meters. heating, and the rest are used as barns and stalls. Accordingly, the total heat losses can be obtained by the multiplication of the sample building load into 33 percent of the total areas, which is calculated as 25,052 square meters. Table 1 ; and (d) top view of the sample building. After calculation of the heating load for the village, it is essential to calculate the building heating load. The building heating load is calculated by following the method, which is presented in the Annex 49 development plan [20] . The heating load is based on the building characteristics, the local climate, and the pattern of users. In this way, the heating load , results from the imbalance between energy losses, , (transmission, , ventilation and infiltration, ) and energy gains, , (solar gains, , and internal gains, ), which can be calculated by the following equations [21] .
Transmission heat loss ( ) is the sum of the heat loss from all external walls, doors, windows, roof, and floor [8] . After calculation of the heating load for the village, it is essential to calculate the building heating load. The building heating load is calculated by following the method, which is presented in the Annex 49 development plan [20] . The heating load is based on the building characteristics, the local climate, and the pattern of users. In this way, the heating load Q I ), which can be calculated by the following equations [21] .
.
Q Losses
Transmission heat loss ( . Q T ) is the sum of the heat loss from all external walls, doors, windows, roof, and floor [8] .
In the above-mentioned formula, T i and T e are the indoor and outdoor temperatures, respectively. In Equation (4), F x,i represents the temperature correlation factor, which is set to one according to the regulations for the exterior walls and roofs and to 0.6 for the floors that are facing the ground [8] .
Ventilation heat loss ( . Q V ) is obtained by the following relation.
where V represents the overall building volume, n d represents the air exchange rate, and C p represents the specific heat capacity of air with the value of 0.34 [Wh/(m 3 K)] [8] . Similar to the heat losses, the heat gains need to be calculated. They are subdivided into two categories: solar and internal heat gains. To calculate the solar gains, the following equation has been used. Four correction factors in Equation (6) 
To simplify the input parameters, the specific heat gain by the electrical appliances (
..
Q I,e ) was set as static value for all rooms. Then, it is multiplied with the room area (A n ) according to the following equation.
Other uses, like lighting, are considered as extra internal gains. It is assumed that the electricity demand for lighting turns into internal heat loads inside the building and specific lighting power (P Li ) is considered as a constant value of 20
Total Boiler Heating Load
In order to calculate the total boiler heating load, it is necessary to first calculate the heat losses of the equipment, piping, and DHWS, which has been studied in this section.
Boiler Heat Losses
For boiler heating load calculations, it is assumed that the respective heat for such DH system is provided by the boilers, which use the natural gas as the fuel due to the availability of such boilers in Iran. Then, the inlet fluid temperature (T in ) and the set-point temperature (T set ) are considered to be 72 • C and 82 • C, respectively. The reason for choosing these temperatures is that the heating devices in the buildings are radiators that work effectively within these temperature conditions. Then, a boiler is defined by its overall (output/input) and combustion efficiencies. Therefore, the energy loss during the combustion process can be calculated by integrating the following equations [11, 23] .
Q f luid η boiler (11) .
where C P f luid is the specific heat of liquid and assumed to be 4.18 [kJ/(kgK)] [24] . In such equations, .
Q f uel is the rate at which the fuel is consumed. In Equations (11) and (12), η combustion and η boiler are the combustion efficiency of boiler and the overall efficiency, respectively, which are assumed to be 0.85 and 0.78, respectively, and have been obtained from commercial products.
Piping Heat Losses and Pump Power Calculation
The overall piping plan for such a village according to the building densities and the main road lines is depicted in Figure 8 . Such design is adapted to cross the main flat connecting roads inside the village, to reduce the number of loops and the construction costs. According to this sketch, supply and return of the main pipelines are a closed loop system with about 2047 m length from the central powerhouse. Sub-branches have 43 lines with~20 m lengths. In the main pipeline, a constant pressure Energies 2019, 12, 1733 11 of 30 drop limit of 2.5 to 4% for each 100 m length of the pipe is considered [3, 23] . For calculating the diameter of the pipelines, the volumetric flow rate is determined based on the density of house areas to supply on each line as is shown in Table 2 .
The overall piping plan for such a village according to the building densities and the main road lines is depicted in Figure 8 . Such design is adapted to cross the main flat connecting roads inside the village, to reduce the number of loops and the construction costs. According to this sketch, supply and return of the main pipelines are a closed loop system with about 2047 m length from the central powerhouse. Sub-branches have 43 lines with ~20 m lengths. In the main pipeline, a constant pressure drop limit of 2.5 to 4% for each 100 m length of the pipe is considered [3, 23] . For calculating the diameter of the pipelines, the volumetric flow rate is determined based on the density of house areas to supply on each line as is shown in Table 2 .
(a) (b) The diameter of the pipe (D) is obtained from the Hazen-Williams equation [23] , which is defined according to the following equation.
1.852 (13) By replacing the velocity variable (V) with a volumetric flow rate ( . V) in Equation (14), the diameter of the pipe can be calculated by the following equation [23] . (14) where C is the roughness factor and is considered to be 140 for the new steel pipe [23] , .
V is the volumetric flow rate, and ∆h is the head losses. For this study, the centrifugal water pump is considered where the overall pump and motor efficiencies are extracted from the commercial centrifugal performance curves, which are set as 0.6 and 0.9, respectively. The power required to drive the pump (P i ), is defined by the following equations [25] .
where .
P i is the power of the pump shaft and . P total is the total power drawn by the pump, which includes the effects of motor inefficiency. In Equations (15) and (16), η pumpimg is the overall pump efficiency and η motor is the motor efficiency. The energy transferred from the motor to the ambient is given by the following equation [23, 25] .
. Q loss,pump = (
where f motorloss is a value between 0 and 1 that determines whether the motor inefficiencies cause a temperature rise in the fluid stream that passes through the pump or whether they cause a temperature rise in the ambient air surrounding the pump. Because the motor is assumed to be kept outside of the fluid stream, so the waste heat of the motor impacts the ambient, and f motorloss would have a value of 0. Heat losses of the piping can be calculated by integrating the following equation [10, 26, 27] .
where T f luid represents the temperature of the circulating fluid and T soil is the soil temperature which changes with the time and the depth under the ground and can be calculated by the following equation.
where T ms is the mean annual surface temperature, α is the thermal diffusivity of the soil, A s is the surface temperature amplitude, and ζ is the annual period length, which is considered as 365 days for a whole year. Resistance values are obtained by the following equations.
where in the above-mentioned equation R f luid is the resistance of fluid, R pipe is the resistance of pipe, R insulate is the resistance of insulation, and R back f ill is the resistance of backfill. The convective heat coefficient (h conv ) is obtained from the following equations [28, 29] .
where Nu represents the Nusselt number, Pr is the Prandtl number, and k fluid represents the fluid thermal conductivity. Properties of the water flow at the set point temperature is determined from Holman [29] as are presented in Table 3 . According to the pipe shape in cylindrical coordinates, the resistance values of the pipe, insulation, and backfill are obtained from the following equation [27, 30] .
where K is the total thermal conductivity of the pipe, insulation, and backfill. For more details, it is noteworthy to mention that, for this study, elastomeric type of insulation with a thermal conductivity of 0.0353 (W/(m K)) is considered and thermal conductivity of the backfill is assumed to be 2.42 (W/(m K)) [30] .
Domestic Hot Water Supply (DHWS)
For designing the DHWS in the first step, the hot water demand is needed. In the second step, the population data is needed. Based on the population census data and the usage of hot water per person the total number of residents for the DHWS network is counted as 854 people. In the third step, because the exact numbers of fixture units were unclear, the American Society of Plumbing Engineers (ASPE) [31, 32] standard method for calculating DHWS flow rate has been used, which is based on the occupant demographic classifications [33] . By referring to this method, the DHW usage is categorized into three groups (low, medium, and high) based on the occupant demographic classifications. The DHW demand within these classifications is presented in Table 4 . Accordingly, the classification of the occupants for the desired village is medium; Table 4 shows the maximum hourly and daily water used for each person as 18.1 and 185.4 L, respectively. For calculating DHW load, a possibility assumption profile of daily water used for each person is presented in Figure 9 , which perfectly satisfies the conditions of Table 3 . Then the DHW load can be calculated by the following equation.
where the value of 4.19 represents the specific heat of the water, Tset and Tin are 60 and 10 °C, Then the DHW load can be calculated by the following equation.
where the value of 4.19 represents the specific heat of the water, T set and T in are 60 and 10 • C, respectively. In this study, heat losses of the valves and other equipment are ignored so that the total boiler heating load can be calculated by the following equation. 
Life Cycle Cost (LCC)
In this research, the LCC is used to consider the costs that are involved in the design of the DH system. These costs are classified as the initial cost, the present value of the energy, and gas price for a 30 year-period.
The life cycle cost includes accumulated investment and operation costs. The annual maintenance cost for the equipment and salvage cost at the end of its useful life is not considered in this study. It has been excluded because of the lack of accurate data about them. Additionally the most effective parameters for the optimization of the LCC are the investment costs, fuel costs, escalation, and discount rate. Accordingly, the investment costs include insulation material, boiler, radiators, pumps, heating supply pipelines, and pipe insulations costs. It should be noted that the boiler and pumps costs are affected by changing the insulation material. By insulating the building envelope, the heating load demand decreases, and a smaller boiler, pump, and radiator can be selected. Moreover, the diameter of the heating supply pipelines would be smaller and finally, the total costs of pipes and insulations of the pipelines would be less. Therefore, the total investments design would decrease drastically. Operation cost includes gas consumption of the boiler and electricity consumption of pumps over the system life cycle. The complete approach to economic analysis is to use the LCC method that takes into account all future expenses. Such a complete approach provides a mean for comparison of the future costs with today's prices. For this purpose, the present value of the fuel cost is used. Therefore, the life-cycle cost (LCC) can be calculated by the following equations, which is considered for a 30-year period [34, 35] . LCC(30 years) = IC + PV electricity + PV gas (27) IC = IC boiler + IC building insulation +IC radiators + IC pump + IC pipes + IC pipes insulation (28) where IC represents the investment costs and PV represents the present value of the energy for 30 years which can be calculated by the following equation [34] :
where ESC is the escalation rate of the energy cost, which is considered as 8.3% for each year, and DIS is the real discount rate, which is assumed to be 3% for each year. The amount of escalation rate is chosen according to the Iranian national data because all investment and the fuel costs must be converted to USD to be comparable with a global scale. So, the discount rate is obtained from the US federal estimation for the year 2019.
Optimization
For optimizing the proposed DH system of the Qinarjeh village, it is needed to perform several steps. In the first step, the role of different building insulation types and layers from the economic and environmental points of view should be studied. It means that, for such an evaluation, a fixed retrofit version of residential buildings must be found to perform the general system optimization.
Building Retrofit
For finding the best material to minimize the heat losses from the building some measures have been performed. A building retrofit study has been proposed to minimize the heat losses from the residential buildings. One of the most effective ways to reduce heat losses is to insulate the building envelope. The flowchart in Figure 10 illustrates the procedures performed to evaluate each retrofit scenario. Such a flowchart is designed to investigate the effect of different building insulation layers on the desired DH system by considering the economic and environmental impacts. Therefore, a Fortran code is developed according to the depicted algorithm presented in Figure 10 .
Optimization
Building Retrofit
For finding the best material to minimize the heat losses from the building some measures have been performed. A building retrofit study has been proposed to minimize the heat losses from the residential buildings. One of the most effective ways to reduce heat losses is to insulate the building envelope. The flowchart in Figure 10 illustrates the procedures performed to evaluate each retrofit scenario. Such a flowchart is designed to investigate the effect of different building insulation layers on the desired DH system by considering the economic and environmental impacts. Therefore, a Fortran code is developed according to the depicted algorithm presented in Figure 10 . To fulfill the required input parameters for all the studied insulation materials, Table 5 is presented. Table 5 shows the collected data for different kinds of insulation layers. Such types and thicknesses of layers are extracted from the common insulation products for the building purposes in Iranian companies. Other input parameters are the economic ones, which are mainly reported in dollar currency for the present study. For convenience calculating of the prices of the equipment, the curve fitting equations of the prices extracted from the commercial products are presented in Figure 11 . Other input parameters are the economic ones, which are mainly reported in dollar currency for the present study. For convenience calculating of the prices of the equipment, the curve fitting equations of the prices extracted from the commercial products are presented in Figure 11 . For considering the economic and environmental effects of fuel on the designed DH system, several parameters, such as CO2 emission, fuel consumption, and fuel prices, can be accounted. Due to the availability of natural gas sources in Iran and the operation of heating equipment, mainly by this kind of fuel, natural gas input parameters are extracted from Table 6 [36]. Annual gas For considering the economic and environmental effects of fuel on the designed DH system, several parameters, such as CO 2 emission, fuel consumption, and fuel prices, can be accounted. Due to the availability of natural gas sources in Iran and the operation of heating equipment, mainly by this kind of fuel, natural gas input parameters are extracted from Table 6 [36]. Annual gas consumption and CO 2 emission can be determined by having the total heating load demand, specific fuel energy, and specific CO 2 emission. 
General System Optimization
After the selection of the optimum retrofit scenario, general system optimization is performed. Six parameters, including ceiling insulation thickness, wall insulation thickness, pipe insulation thickness, depth of buried heating supply pipes, depth of DHWS pipes, and outlet boiler temperature, are considered as design variables. The minimum LCC is considered as the objective function. A fixed Particle Swarm Optimization (PSO) method with constriction coefficient was selected for this study. In PSO, the potential solutions are called particles, which fly through the problem space by following the current optimum particle [37] . Every particle could find its best position and the group best position through iteration. It has been indicated that the constriction coefficients increases the rate of convergence; further, these coefficients can prevent explosion and induce particles to converge on local optima [38] . A schematic view of the application of the PSO method for the current investigation is presented in Figure 12 . Parameters values for PSO method has been gained from Almeida et al. [39] , as presented in Table 7 . 
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Step Figure 12 . Schematic flowchart of the Particle Swarm Optimization (PSO) optimization method. Parameters values for PSO method has been gained from Almeida et al. [39] , as presented in Table 7 . The general optimization of DH system is also performed by considering the climate changes. GENOPT software is used for this work [40] . The selected variables for this optimization and their range of changes are presented in Table 8 . Table 8 . Selected variables range of changes.
Variable

Minimum Value Maximum Value
Ceiling The input temperature of the radiators depends on several parameters such as the output temperature of the boiler, the length of the piping, the thickness of the insulation of the pipes, and the depth of the underground buried pipes. From all the above-mentioned parameters, the most important is the output temperature of the boiler. Iranian radiators are usually built to work at an inlet temperature of 80 • C. The higher temperature at the inlet of the radiator will increase the heat load of the radiator. Therefore, in a fixed heat load for a residential building, the size of the radiator is reduced. For calculation of the total numbers of radiators, the following correction factor that is obtained from the commercial radiator product is multiplied by the total heating demand.
where F radiator is the correction factor, T O is the inlet temperature to the radiator, and T set is the set-point temperature, which is considered to be 20 • C.
Results and Discussion
The results are divided into the heating load demand, insulation selection, environmental impacts, economic analysis, and general optimization analysis sections. In Section 5.1, hourly simulation results of the DH demand with a forecast of future decades by the projection of heat losses of different equipment are presented. In Section 5.2, the effects of insulation selection on the heating demand are calculated. In Section 5.3, the reduction of natural gas consumption by applying the different insulation layers at the sides of buildings and CO 2 emission is estimated. In Section 5.4, the economic analysis of the different insulation layers, initial costs, operation costs, and LCC in 30 years is discussed. Finally, in Section 5.5, the results of the simulation for the general optimization of different variables according to Table 8 with and without considering climate change have been investigated.
Heating Demand
There are two critical factors for the design of the DH system-different types of building insulations and future weather changes-which both can lead to massive changes in energy consumption. Hourly simulation of heating loads of total residential buildings is shown in Figure 13 . The results are obtained from hourly temperature, solar radiation, and the projected future data. According to the diagrams, the amount of peak load in the average years between 2000 to 2010 is 3.31 MW and occurs in February. In addition, the peak loads of the years between 2020 to 2040 occur in January. This peak loads for the year between 2020 to 2040, first increase to 3.42 MW and then decrease to 3.25 MW. 
Insulation Selection
According to Figure 14 in future years, the total amount of annual heating load will be decreased because of global warming. Moreover, the minimum heating load belongs to insulation case number 6, which is a polyurethane layer with 10 cm thickness. Also, it can be concluded that the amount of the annual heating load will decrease by 20% until the 2040s. So, in terms of load reduction, polyurethane and Rockwool could be the best and the worst insulation types, respectively. 
According to Figure 14 in future years, the total amount of annual heating load will be decreased because of global warming. Moreover, the minimum heating load belongs to insulation case number 6, which is a polyurethane layer with 10 cm thickness. Also, it can be concluded that the amount of the annual heating load will decrease by 20% until the 2040s. So, in terms of load reduction, polyurethane and Rockwool could be the best and the worst insulation types, respectively. Table 5 for different years.
The heat losses from the boiler, pumps, supply and return pipelines, and DHWS are obtained using Equations (10)- (26) . Figure 15 presents the chart of heat losses in which the deviations for the years are negligible. The desired heating load reductions for each retrofitted residential building scenario are presented in Figure 16 . When all the exterior walls are insulated by the insulation case number 6, the heating load shows a 59% reduction. When only the ceiling is insulated with the same material (case number 18), the amount of load reduction is 34%. By replacing the windows from single-layer to double-and triple-layers for the insulation case number 25 and 26, the heat load reduction changes are only 4 and 5.5%, respectively. Table 5 for different years.
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Environmental Impacts
From the total annual heating demand for the different insulation scenarios and by use of the data presented in Table 6 , the annual CO2 emission and natural gas consumption are calculated. According to Figure 17 , when the buildings are not insulated, the annual amount of CO2 emission is 1308 tons, and the gas consumption is 475 tons. Least CO2 emission belongs to polyurethane with 10 cm thickness. When all of the exterior walls are insulated perfectly, the annual amount of CO2 emission and gas consumption is calculated as 531 and 193 tons, respectively. 
Economic Analysis
Because Qinarjeh is located in high altitude mountains, gas piping conducted by the government is not profitable. Therefore, in cost calculations, in addition to the cost of gas, the cost of transportation is also calculated, which is accounted as 0.21 $ per cubic meter of gas. Also, the electricity cost for the power of pumps is considered as 0.05 $/kWh. Figure 18 shows the annual gas and electricity price for 
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Because Qinarjeh is located in high altitude mountains, gas piping conducted by the government is not profitable. Therefore, in cost calculations, in addition to the cost of gas, the cost of transportation is also calculated, which is accounted as 0.21 $ per cubic meter of gas. Also, the electricity cost for the power of pumps is considered as 0.05 $/kWh. Figure 18 shows the annual gas and electricity price for different insulation scenarios. For the existing buildings, the annual cost of gas and electricity price are estimated to be 138,284 $ and 27,878 $, respectively. When all the exterior walls are insulated perfectly with a polyurethane layer of 10 cm thickness, the annual cost of gas and electricity price are estimated to be 56,151 and 11,320 $, respectively. Changes in the equipment cost by selecting different insulation scenarios are presented in Figure 19 , which indicates that the most mutant equipment is radiators. This means that by choosing the best insulation for the building, the size of radiators and subsequently the costs of that can be reduced incrementally. For the existing buildings and the insulation case number 6, the total radiators costs and electricity are estimated to be 157,247 and 52,179 $, respectively.
Energies 2019, 01, x FOR PEER REVIEW 23 of 31 different insulation scenarios. For the existing buildings, the annual cost of gas and electricity price are estimated to be 138,284 $ and 27,878 $, respectively. When all the exterior walls are insulated perfectly with a polyurethane layer of 10 cm thickness, the annual cost of gas and electricity price are estimated to be 56,151 and 11,320 $, respectively. Changes in the equipment cost by selecting different insulation scenarios are presented in Figure 19 , which indicates that the most mutant equipment is radiators. This means that by choosing the best insulation for the building, the size of radiators and subsequently the costs of that can be reduced incrementally. For the existing buildings and the insulation case number 6, the total radiators costs and electricity are estimated to be 157,247 and 52,179 $, respectively. Figure 18 . Comparison of the annual gas and electricity cost for different insulation scenarios based on Table 5 . Figure 19 . Comparison of the initial equipment costs for different insulation scenarios based on Table  5 . Table 5 .
different insulation scenarios. For the existing buildings, the annual cost of gas and electricity price are estimated to be 138,284 $ and 27,878 $, respectively. When all the exterior walls are insulated perfectly with a polyurethane layer of 10 cm thickness, the annual cost of gas and electricity price are estimated to be 56,151 and 11,320 $, respectively. Changes in the equipment cost by selecting different insulation scenarios are presented in Figure 19 , which indicates that the most mutant equipment is radiators. This means that by choosing the best insulation for the building, the size of radiators and subsequently the costs of that can be reduced incrementally. For the existing buildings and the insulation case number 6, the total radiators costs and electricity are estimated to be 157,247 and 52,179 $, respectively. Figure 18 . Comparison of the annual gas and electricity cost for different insulation scenarios based on Table 5 . Table 5 .
After calculating the total initial and operation costs using Equations (29)- (32), the LCC for the 30-year periods is estimated as illustrated in Figure 20 . Initial costs and the LCC for the existing building with no insulation are estimated to be 295,339 $ and 12,197,615 $, respectively. Glass wool has the minimum initial cost according to the insulation layers (315,055 $), with the properties of case number nine reported in Table 5 . The minimum LCC belongs to the polyurethane insulation layer with the properties of case number 6, which is accounted as 5,546,702 $.
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Cost behavior of different life cycle periods for the most critical insulation scenarios is presented in Figures 21-23 . In these figures, the time zero corresponds to the initial costs and the payback period will be obtained at a point where no insulation curves crossing the insulation curves. The maximum payback period is seven years, which belongs to the insulation of the ceiling with a polyurethane layer of 10 cm thickness. Moreover, the payback for the same materials is four years when all the exterior walls are insulated. The minimum payback period is one year, which belongs to the glass wool with the properties of case number 9 reported in Table 5 . In addition, the payback period by retrofitting of the windows with triple layers is three years. Table 5 .
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General System Optimization
For the general optimization, the type of insulation for the buildings and the pipes are selected as the polyurethane and the elastomeric type, respectively. This selection is due to its properties in saving the costs. The target function is defined as minimizing the LCC, which is considered for 30 years. For the general DH system optimization, unlike Section 5.4, the costs of pipes and elastomeric insulation for DHWS and excavation are considered as the initial costs in Equation (30) . The excavation cost is assumed to be 1.875 $ per each cubic meter volume. The results of the optimization are presented in Table 9 . In the first column of values, the climate change impact is not considered, and in the second one, the impact of climate changes has been applied. Table 5 .
For the general optimization, the type of insulation for the buildings and the pipes are selected as the polyurethane and the elastomeric type, respectively. This selection is due to its properties in saving the costs. The target function is defined as minimizing the LCC, which is considered for 30 years. For the general DH system optimization, unlike Section 5.4, the costs of pipes and elastomeric insulation for DHWS and excavation are considered as the initial costs in Equation (30) . The excavation cost is assumed to be 1.875 $ per each cubic meter volume. The results of the optimization are presented in Table 9 . In the first column of values, the climate change impact is not considered, and in the second one, the impact of climate changes has been applied. For investigating the effects of the climate changes on the calculated data, the optimized results with PSO method has been compared with the initial results in Table 10 In this table all economic and environmental parameters for the general optimization have been compared between the data extracted from PSO method and the initial results. It has been observed that by considering the climate change effects in a period of 30 years, the optimized and nonoptimized values show a reducing trend. On the other hand, the initial costs remained unchanged, meaning that climate changes are not affecting the initial investments. 
Conclusions
In this research work, an optimized approach to save energy has been adopted by investigating the application of different types of insulation materials for residential buildings. Qinarjeh village, which is in the north-west of Iran, is selected in this case study. In order to design the efficient buildings, these units are connected through a DH system with the perspective of the future demands regarding climate changes, environmental impacts, and economical concerns. The obtained results show that how climate changes and different types of insulations can influence heating demands, costs, and air pollution. The main concluding results are listed in the following points.
• When all the exterior walls are insulated, only a good insulation material with high resistance, like polyurethane, can reduce heating demand by 59%.
• When a cost investment limitation for the insulation of all the building sides is a matter of concern, the heating demand reduction, by adopting the insulating layers at the exterior walls are a better choice compared to the ceiling.
•
Climate changes can cause a reduction in heating demands and CO 2 emission up to 20% until the 2040s because of the trend of global warming.
Insulating the building sides in a DH network can cause significant effects on the initial and operating costs including the gas consumption and radiators sizes. For this specific case, the payback period of the insulating building investment is between one to seven years.
Glass wool is the best choice from the payback period efficiency point of view because the investment cost can be compensated after one year.
According to the results, polyurethane could be the best choice for the environment if the investment cost is not an issue and the optimal thickness suggestion is 14 cm.
• For a minimal investment, glass wool could be a good choice.
• Both high and low degrees of the outlet temperature of the boiler have their own benefits. The high temperature of the supply water causes the size of heating equipment like radiators to decrease while low-temperature decreases the pipes heat losses to the surrounding.
The optimal suggestion outlet temperature of the boiler in a DH system is between 90 and 95 • C.
The minimum optimal depth of buried pipes, from the point of view of costs and fewer heat losses, is between 1.5 and 3 m underground and for the elastomeric insulation choice; the optimal thickness suggestion is 2 cm.
Therefore, in cold mountains, climate classification of Iran, retrofitting the building envelope can reduce the energy consumption of the DH system up to 60%.
It is noteworthy to mention that, for the energy saving and environmental benefits, it is important that civil engineers pay more attention to the different types of insulation material in the first step of their design of the energy efficient buildings. Polyurethane could be the best insulation because of high thermal resistance and different available forms such as solid and spray in the market. On the other hand, this insulation material still has a high price and a lengthy payback investment period. In this work, by using an optimized DH system, which considers the climate changes, a reduction of air pollution could be possible. As a result of such application, the payback period of the investment costs for the expensive insulation material will be decreased according to the defined conditions. The future study could be dedicated to optimizing the different parameters of the DH systems in a cooling mode by considering future weather projection.
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